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A SMALL OXYGEN CONCENTRATOR

INTRODUCTION

* The development and application of aircraft onboard oxygen generating
systems (OBOGS) (3, 4) has led to a need to better understand the various
parameters of the system. Parameters of particular interest are the ingesti
of chemical agents, runway contaminants, and moisture. We need to know if
these compounds will be absorbed on the beds and thereby reduce the bed's
separation efficiency or will penetrate the beds and appear in the breathing
gas.

The current OBOGS, designed for tactical aircraft, uses approximately 30
L of air per minute at 10-40 psig (1 psi - 6.89 kPa). This quantity of air
can pose a problem when toxic contaminants are involved, chemical agents in'
particular. Large quantities of contami.,ants would be required for the inle
at a rate of 300 lpm, and on the exhaust side large quantities of contaminat
air would have to be filtered. To circumvent these , "jblems, the Crew T.;h-
nology Division designed and developed a miniaturized OBOGS, called a SOC
(Small Oxygen Concentrator). The SOC was designed to operate at much lower
air requirements and with a minimal amount of molecular sieve. Figure 1 sho
the assembled unit.

Figure 1. Small oxygen concentrator with solenoid valve progranimer.
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The SOC has several advantages over the OBOGS when toxic contaminants ar
in,-rolved. Table 1 shows that the SOC uses only 10% of the air and 4% of the

- molecular sieve used by the OBOGS. The SOC is constructed with stainless
"steel (SS) and can be disassembled in a matter of minutes, washed, and decon
taminated. When disassembled, the molecular sieve can be sampled at variou
places in the bed and the bed repacked with fresh molecular sieve.

TABLE 1. COMPARISON OF OBOGS AND SOC

Parameters OBOGS SOC

Air inlet pressure 10-45 psig 10-45 psig
Air used per minute 300 1pm 36 1pm
Molecular sieve (5A/13X) 5,000 g 210 g
Highest percentage of

oxygen produced (5A/13X) 94% 94%
Construction Alninum •. Stainless steel

1 psi 6..894 kPa

SOC ASSEMBLY

A schematic of the SOC is shown in Figure 2. The components are listed
- Appendix A.

Beginning with the base fitting (0), assemble the unit as shown in Figu
4 1 2. On each side of the fitting, add solenoids(S2 and S3); then add tees (I)

followed by other solenoids (S1 and S4O and then the elbows (J). The soleno
* ports are labeled "in" and "out.* In Figure 2, solenoids S1 and S2 would haSI "out" on the left and "in" on the right; solenoids $3 and S4 would have "out

on the right and "in" on the left. Add the two tube connectors (H) to the t,
- (I). Align this assembly so that the two connectors (H) are parallel to eac

other and parallel to the soleaoids (Si, S2, S3, and S4)O, ontinue assembly
of the SOC toward the product valve (A) until completed.

I m
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ELECTRONIC COMPONENTS

The slectI.ronic comlponents for the solenoid valve prograrmier are listed
Appftndix B. The schematic for the construction of the prograimmer is showln
Figure 3.
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SOC BEDS PREPARATION

The SOC beds may be packed with either active 5A or 13X molecular sieves
The following procedure is recomnwended. Loosen the two 1/2" (1.27-cm)

*, Swagelok nuts between the one-way valves and the right-angle 1/2" tubing.
Remove iwhe !' tubing with the product valve. Loosen the two 1/4" (0.635-c
Swagelok n.-ts i;r either side of the microbore tubing. Now loosen the two 1/
Swagelok rd""r iiear the solenoid valves and remove beds. Do not loosen or
remove the 1V ,'2.54-cm) Swagelok nut where the 1/2" bed unites with the 1"
bed. Remove tte 1" nut located at the head end of the bed (nearest to the
solenoid val,ve!). Now remove the 1/2" Swagelok nut between the one-way valv
arnd the backflush line. The one-way valve should now be a separate unit. Th
1/2" and 1' beds are now ready to be packed.

When packing the beds always use the *snowstorm" technique (Personal coil
municatlon, Or. Andrew Capon, Chemical Defense Establishment, Porton Down,
United Kingdom). (See Appendix C.) Fill the 1" x 10" beds to between 3/8"
(0.952 cm) and 1/2" frc-m the top of the tube. Place a SS screen over the mo
le'.ular sieve and place the 7/e" x 1 3/8" (2.222- x 3.492-cm) spring on top

* the screen. Press the 1" cap, with the 1 3/4" (4.445-cm) length 1/2" tube,
dawn over the spring; tighten nut.

Pack the 1/2" beds to Just below the backflush port and place a urethan
foam pad over the molecular sieve. With epoxy, glue screen to ono end of th
2.5" x 0.42" (6.35- x 1.067-cm) spring. The screen is ground flush with the
diameter of the spring. Install this spring with the screen resting against

* ,the ureth~ne foam pad and attach the one-way valve over the spring and fit-
ting. Alwa)s Install the one-way valve with the screen facing the spring.

If the SOC is to be taken apart and reassembled repeatedly, a thread lu
bricant should be used, particularly on the 1" fitting, to preyent galling.
Crawford Fitting Company, Cleveland, OH, manufactures a product (High Purity
"Goop) fcr 'htis purpose.

The controller unit is assembled as shown in Figure 3. We recommended
that disconnect plugs be installed between the controller unit and the sole-
nold v?.lves. This allows for easier disassembly and assembly of the SOC.
Power required to operate the controller unit and SOC is 120 VAC, 50 or 60 H
The switch on the controller must be in the appropriate setting (50 or 60 Hz
for a pror~erly timed cycle.

The operating sequence of the smlenoid valves is as follows: S1 and S3
open and S2 and S4 closed for 4 s. Then S2 and S4 open and SI and S3 closed'
for 4 s. one complete cycle takes 5 s.

Connect a regulated dry-filtered air of 45-50 psi, with a minimum flow
rate of 40 1pm, to a 10-L plenum to inlet fitting (K, Fig. 2). This arrange4

ment will help to smooth out pressure swings as the SOC cycles. Air require4

ment by the SOC wilt vary from 12 lpm at 10 psi to 35 1pm at 40 psi.

Check the SOC for leaks before beginning any experimentation. If a leak

is indicated, oxygcn concentration will be down depending on the size of the
leak. To check for leaks, set the inlet pressure up to 40-45 psi, turn the
unit on, and carefully go over all the fittings with a leak-detector solutior

4 5
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Other factors that might affect the performance of the .5C are the en
valves (E), the microbore tubing (N), and thelexhaust ports (J). The one-
'valves are designed to operate at very low presiures and must close prope
If the SOC Is not producing the required oxygen concentration and no leak1 •I noted, check these valves to see if a small paeticle of mv"0lar sieve na
lodged rn the valve seat. You can easily check these vw•lvs.tky blowing I
them. Air should flow freely in one direction; 4t should niv, flc-• in the
opposite direction, not even a slow leak flow. Tho scr~n ctt •he inlet siji of the one-way valve should protect the valve from iolnclar z•4ve particl

Place a screen on each end of the microbo.,e tube in t•.*X/ side of t
Swagelok fitting. This also should prevent th, •icro-ore t'x*t from !ýecomi

Li clogged or plugged with molecular sieve particles.

The two exhaust ports (J) located on the 6tboard side of the two outes
solenoid valves can be attached to a common plenum, individual plenums, or
exhaust to the atmosphere. However, do not restrict the f:ow of these exhi
lines since restriction will reduce the performance ,f the SOC.

RESULTS AND DISCUSSION

The SOC was tested with bA, medical grade (NG), 16-40 mesh, molecular
sieve, and 13X, 16-4bamesh, molecular sieve (1). Good oxygen/nitrogen sep
tion was obtained by using activated molecular sieve. The SOC beds were si
storm packed with either 5A or 13X molecular sieve and tested at inlet
pressures of 10, 20, 30, and 40 psig. The product flow w&s set at 0.25, 0.
1.00, and 1.50 lpm using a rotameter. The product gas was analyzed (with
Perkin-Elmer WIA-11O0 medical gas analyzer) for oxygen, nitrogen, and argo
Tables 2 and 3 show the results. At high preluct flows >1 lpm, the averag
concentration was recordd. All tests, unless otherwise-stated, were dete
mined at ambient tWerature.

If the product flow is maintained at a constant flow and the inlet pres
, \.re is increased, the oxygen content w1ll increase to a maximum level. If
I tnlet pressure is increased to a still 'higher level, the oxygen conc&.-trati
will start to aecrease. This decrease Is caused by the Increased tiow rate
through the beds while the cycle time of the solenoid valves remains the sai
Increasing the oxygen content at high inlet pressure would require larger b,
and/or a change in the cycle time. Table 2 and Figure 4 indicate that aninlet pressure of 20 or 30 psig is the best for SA with an 8-s cycle time.

Ifthe inlet pressure is maintained at a constant pressure and the prod
flow is increased, the oxygen concentration will decrease. Table 2 and Fig
5 illustrate these results.

6
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TABLE 2. PRODUCTS OF SOC PACKED WITH SA MOLFLULAR SIEVE

Product Oxygen Nitrogen Argon
M M1) M%

Inlet pressure 10 pstg
P1.25 92.7 2.3 5.0
0.50 82.7 13.2 4.U
1.003 50.6 46.7 2.4
1.50 40.0 58.3 1.9

Inlet pressure 20 psig
0.25 94.0 0.7 5.3
0.50 93.8 1.3 4.9
1.00 90.2 5.5 4.3
1.50 76.3 20.0 3.6

Inlet pressure 30 psig

0.25 93.9 1.3 4.8
0.50 93.5 1.9 4.6
1.00 91.5 4.1 4.3
1.50 86.6 9.4 4.0

Inlet pressure 40 psig

0.25 92.5 3.1 4.3
0.50 • 91.9 3.b 4.2
1.00 88.9 7.0 4.0
1.50 85.0 11.1 3.8

I psi a 6.894 kPa
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TA2L• :3. Pq•CDUCTS CF SOC PACKED WITH 13X 14OLECULAR SIEVE

Product Oxygen Nitrogen Argon
.% (% I% jl"

O, pv r 92.8 2.4 4.6
l.St) 80.3 16.0 3.8
l.%'0 51.8 45.4 2.4
1.r0 42.4 55.5 2.u

!.iit prcsure 20 psig

O.Z5 93.2 1.8 4.5
0.50 91.1 4.5 4.3
1.00 81.1 14.9 3.8
1.50 67.2 29.5 3.1

lnI•;t Frr-s5Ure 3ve pst, 0.25 90.8 4.8 4.2
0.50 88.5 7.2 4.0
1.00 81.9 .14.1 3.7
1.50 73.5 23.1 3.3

Tr4tt ;)•.S' i 41, psg 1.7 83.8 12.2 3.7
'.50 81.7 14.6 3.6
1.00 ?6, 2 20.0 3.4
1.50 69.9 27.2 3.1

I p.1 5.354 kPh

8
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TI K. OC p<:.' Iith .A r-alecular siercve was also tested at temperatures of
. , , , . . ,.t f•r thi four SoC beds was provided by four clam-i

, >:. . T :•ur:t,,T is rmor.itored in tha clam shel-s an.d controlled bý
r . s T, .... I1.,.:t s v.as not prehlated. An increase in temperature

A... a ic, in t,, oxy,.2n conzentr.at 4 on. The results are showr in Fi3-

, ,• - r;,cl-ed with 13X molecular sieve and tested at the same inle
aflc, s te 5A molecular sieve. The results are shown in Table

-, .iJ:",.: 7 &-d 3. Although the results are similar to those with the 5A
si t,_2 hi:',K`r oxygan concontrations could not be achieved.

T>:, t:sting of the SUC pr'oved that it has the same characteristics as the
ri'• (Z). Tm:-, CxCGS and SOC have similar inlet-pressure and product-flow

,L-.;. 11;h units bc.c,: less effective with heat, and both give better'
S"-.a<.1 ;w;:r:;i ,ith 5A than with 13X molecular sieve. At low product

. i i:_a" &'; : high oxyr'2n concentrations. The one maj.r difference is
i cC:._*:, . Jith the GC2003S, the SCC uses a fractional amount of molecu

V:- zi md 2d;r. This mak•cus it ideal for testihg of dangerous contaminants

2: j250C
).

,, 506C

) • ,6 0 16 C

IOI
CW 1` LS 0 2.5

:. ,1ro 6. P..rcý2,nta,, of oxygen versus product flow rate when
u~in3 SOC with 5A molecular sieve; bed temperature
at 25%C, 50vC, and 60 0 C, with inlet pressure of
30 psi-.
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With minor changes the Soc can also be used to demonstrate an ina~rt-gas
concentrating system. These include packing the beds with 4A (14 x 1O -0
molecul ar sieve and reducing the cycle time to 2 s or less. Thl~t sv'-,xmace of
the solenoids-Sj, S. S3, and S4--remains as previously discrib~d with th?
exception of the tim ng, The timer used in this demonstration to drive the
solenoid. was a variable-time programmuer similar to the one depicted in Figure

The SOC pacied with 4A'molecular sieve, and with a 2-s cycle and an inlet
pressure of 20 psig, delivered a product gas consisting of 94..&j, 112 at 0.25
1pm, 92.5% at 0.50 1pm, 91.6% at 1.00 1pm, and 90.6% at 1.50 lpmi; 'in all casas
'the argon remained fairly constant at 1.2%.

As noted above$ the variation of the product flow (and inlet pressure)
does not affect the inert-gas production to the extent as wh~en the SO0C. is used
for oxygen productlton (Table 2).
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APPENOIX A. SOC COMPONENTS

Item Qty Description

A* Shutoff valve with 1/8" S igelok connections, SS, Whitey,
SS-ORS2

1 Male adapter, tube to pipe, 1/8' O.D. - 1/4* male pipe, SS,
Cajon, SS-2-TA-1-4RT

CI Union tee, 1/2', SS, Swagelok, SS-810-3

0* • 40" Tubing, SS 304, size 0.50" O.D. X 0.028" wall, FSN
(1 m) 4710-00-278-8069

E* 2 Check valve, 1/2' Swagelok conrnector on both ends, cracking

pressure is 1/3 lb, SS, Rupro, SS-8C-1/3

F* 2 Reducing uion, 1/4" to i/8" Swagelok connections, SS,

Swagelok, SS-400-6-2

6* 4 Cap, 1V tube O.D., SS, Swagelok, SS-15610-C

H* 2 Connector, tube to female NPT,. 112' tube to 1/4' P-NPT, SSj
Swagelok, SS-810-7-4

1* 2 Male tee, 1/4" P-NP1, 3$, Cajon, SS-4-MT

J* Male elbow, 1/4" tube to 1/4" P-KPT, SS, Swagelok,
SS-40u-2-4

K. Male connector, 114" tube to 1/8" P-NWT, $5, Swagelok,
SS-400-1-2

L* 20" Tube, SS 304, MIl-T-8506A, 1" 0.0. x 0.028" wall,
(.5 a) FSN 4710-00-585-13977 2

V 4" Tubing, SS 304, 0.25" O.D. x 0.035" wall FSN
(10 cv) 470-00-278-8096

N* . 8' Mlcrobore tubing, SS, 0.125" O.D. x 0.028" 1.0.
(20 cm)

0* 1 Hexagon, SS 303, 0.625" 0.0., FSN 9510-00-293-4962

Q-I Prssure gauge, series 23K (1/8" KPT) range 60 psi. 2" d-i-
ameter, Cat. #G14421, Marshalltown Instruments, P.O. Box
400, 710 S 12th Ave., Karshalitown, IA 50158

"Location on Figure 2 in text.
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SItem (Lt Detcription

4 Solenoid valve, M.O.P.D. 4Q, 11 watts, 120 volts, 60 Hz,
1/4" ori'ice, Airmatic-Allied Inc. Cit. #20317, Airmatic
Allied Inc., Wilmington, OH 45177.

(B.!low E*) 2 Spring, compression, ground ends, SS, Loe Cat. #1-8, p.
Lee stock RLC-045F-11, size 2.50" x U.420". Lee Spring
Co., 30 Main St., Brooklyn, NY 11201.

(Under 2 Spring, compression, SS. Associated Spring Cat., p. 37A
lower G') Cat. #S-CO850-081-1250, size 1.25' x 0.85. Associated

Spring, Barnes Group Inc., P.O. Box 210095, Dallas, TX
75211.

4** 2 0-ring seel, neoprene, Norm, 11/16" 0.0. x 9/16" I.0. x
1/16" W., Parker !eal Company, Culver City, CA. and Clev4
land, OH.

6** 2 O-ring se*l, neoprene, Noma, 5/8" 0.0. x 7/16" i.0. x
3/32" W , Parker Seal Company, Culver City, CA, and Clev
land, ý 1

Figure 2 Stalnlei ;,steel screen: wire cloth, SS, twilled weave,
mesh, wire size 0.011", 1 over, 2 under. F. P. Smith WI
Cloth Co., 10112 Pacific Avr., Franklin Park, IL 60131

4** Tube, SS, 0.535" 0.0. and 0.50" I.0.

(Under Tube, SS, 7/8" 0.0. and 3/4" I.D.

upper G*)

E* and 5** Sheet, SS, 0.01" thick

E* and 5*' Sheet, rubber, 0.03P thick

Holecular sieve, type 5A MG, size L6 x 40, Union Carbide

Nolecular sieve, type 13X, size 16 x 40, Union Carbide

Note: Items with no company address st?'ed were purchased locally.
*Location on Figure 2 in text.
"Location on Figure A-1.

Several of the listed items must be modified to some extent by a compo-
nent machinist. These include

C -- This 1/2" union tee requires the threads to be cut off the center con
nector and tapped with 1 1/4" KPT top.

E -- These two check valves need to be modified as shown in Figure A-i.
Disassemble the chick valve ano *move the plunger and spring. Disca
the plunger; the spring will W• reused. Mill a SS sleeve to 0.535"
0.0. and 0.50" I.D. and press tit into the housing. This SS sleeve is

16
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used as a spring guide. The exposed erd of the slev2 has four half-
moon cuts in it to allow for air pa5sace. Punch a 5!3" disk frcm a
sheet of 0.010" SS. Glue this disk (i; 1.s -ýa 9k)wt px oo
end of the spring that was removed ear 'ier. Cuz a 5/8" disk frcm
0.03U" sheet rubber and glue it, with Hiobcnd, to týhe *op of the SS
disk that was glued to the SS sprir~j. Glue an 0-ring to the body of
the-valve to serve as a seat for the disk to strikea. A good seal is
required to prevent the air from passing tetvween t-1a C-ring and the
housing. Place an~other 0-ring behind the threads .,qere the two por-
tions ot the valve-housing screw together. Before lccking the tibe an~
ferrules in place, punch out a 1/213 disk of wire cloth (Fig. A-1, 11o.
8) and place on the inlet side of the valve.

6G- Drill a 1/2" hole in the centar of each of the fjur 1" caps. The i n-
side of two of the caps is milled flat to a diameteýr of 7/8". P-Kace
one ena of a 10', length of 1/2" SS tube in each Of thlE milled caps with

/ ~the end flush with the inside of t~he cap, and silver solder in posi-
tn.The milled space will be used as a dead space. In the 1/2" hole

of the other two 1"caps, place 1 3/4" lengths of 1/2" SS 'tube. Silve
solider the two tubes in so that one end of the tube is flush with tie
inside of the cup.

Figure A-i One-way valve.

.1.1/2 nut 6. 0-ring
2. Back ferrule 7. Valve housing
3. Front ferrule 8. SS screen

4.Valve housing with spring guide and 0-ring 9. Assembled one-way valve!,
Spring with SS and rubber disk

17
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II

I 0 -- Cut a hexagonal SS Bar to a 3" length and bore out the length of the
bar to a di.ameter of 1/4". Mill both ends and thread with a 1/4" NP
die. Drill two holes in the center of the bar on opposite sides andi
tap with a 1/8" NPT tap.

" [ The following items require construction from basic materials.

jG The two 10" x 1/2"s SS tubes with the V" cap will need further modifi4
"--tion.- Drill a 1/4" hole 11/4" from the end of the 1/2" x 10" SS

tubes; cut a 1 3/8" length of 1/4"-0.D. SS tubing and place in tie
drilled hole at a 900 ang'e. The 114h tube should not protrude intoI ithe 1/2" tube, but be flush mounted with the inside. This is necess4
to allow the spring in the 1/2" tube to slide freely past the 1/4" tt
opening. We recommend that the tilver solder joint be built up to

- strengthen the connection and prevent minute leaks.

G -- Swagplok I" cap with 1/2" x 10" and 1" x 10" SS tubes. A small spac
"(plenum) is required between the 112" x 10" and the 1. x 10" SS tube
tn duplicate a similar space in the full-stze concentrator beds. To,
provide this space, punch a 118" SS screen out of wire cloth and pla
it in tle milled portion of the 1" cap. Make a spacer by cutting a
1/8" length of a 7/8"-0.D., 314"-I.D. SS tube, and place this spacer

• ~top of the 7/8* SS screen, Next place a l"-diapieter.SS screen over

spacer. •In this fitting, place the V SS tube with ferrules and Iocl
it In place. The V" and 1/2" beds are now attached, with the small
plenum in between.

" 1D -Bend a length of /2" SS tube at right angle with a tube bender andto a proper length to fit between the valve E an.d the tee C.

SN -- Cut the microbore tubing to a length of 5", making sure that the hol
in the end are not crimped or obstructed. Bend the 5" length to the

Ishape shown in Figure 2 in the text.

I
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APPENDIX B. ELECTRONIC COMPONENTS FOR SOLENOID VWV•VE PROGRAIMER (4-SECOND TI

Integratad circuit Motorola , MC14566
n r4*,d c rouit Motorol a MC14013 2

Tran•lstor Motorola ZN956 2
Y~lsorG.E.. V1SOLAZOA 2

SS relay Sigma 226REI-iZAI 2
iststos , 200 ohm Allen-Bradley RCO7GF201j 2
1/4 watt, 5%
Resistor, 1U kohm Allen-Bradley RC07GFIO3J
1/4 w.~tt, 5%
fPesistor, C,91 Mo•1n Allen-Bradley RCO76F914J 2
1/4 watt, 5%
Switch, SPOT Alcoswltch TTI30-ZT
Switch, SPST Alcoswitch TTM3A-ZT I

iCabimtn, Bud Radio Inc. AU10O29LG

SCapaci tor Mall ory, K05xl I
Si Icceptacl e, dupJ ex Hubbell ,U42

-P r cord Belden :T7612

.4
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APPENDIX C. SNOWSTORM PACKING

The snowstorm padking technique uses a series of screens (Fig. C-1) to
delay and disperse the fall of the particle. This allows each particle to
fall and lie in its lowest energy state, without tenting.

To pack the 1" bed, use a 1"-O.D. x 3/4"-I.D. x 10.5"-L tube, in combin4
tion with a funnel, with three ý.ire cloths placed in the appropriate positio
(see Figs. C-i and C-2). The wire cloth specifications are 8 x 8 mesh perlinear inch, 0.0132" wire diameter, with 0.093" opening and 55.4' open area.

The wire cloth can be purchased from Mc•-aster-Carr Supply Col, P.O. Box 4355,Chicago, IL 60680; stock #9226W30.

To pack the 1/2" bed, use. a 5/8"-0.P. x I/2"-I.D. tube, in combination
with a funnel, with wires installed at 600 angles to each other at each of t
three appropriate positions (Figs. C-1 and C-2). The cross wires can be
formed from 20-gauge wire.

+ -4

I'' "U8 1/"1

o.% Figure C-Io Diagram of snowstorm-pbcklng apparatus. Tube diameter (x)is equivalent to the bed to be filled.
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